Background: Adequate pain control after total knee arthroplasty (TKA) enables quicker recovery and reduces readmissions and treatment costs. The aim of this study was to determine the effect of liposomal bupivacaine (LB) for postoperative pain control in patients prepared for TKA.
Introduction
Control of pain following total knee arthroplasty (TKA) continues to be critical for a successful outcome. [1] Adequate pain control after TKA will lead to quicker recovery and reduces readmissions and treatment costs. [2] The utilization of multimodal pain management, has positive influence on the quality of the postoperative care, pain reduction, decreases opioid consumption, and the subsequent dose related opioid complications. [3, 4] Administration with opioid was associated with oppressive complications, such as nausea, vomiting, and respiratory depression. [5, 6] Local infiltration anesthesia with multimodal drugs have been introduced to minimize postoperative pain while posing minimal systemic or local risks to the patient; however, the benefits of most local injections are limited to the immediate postoperative period.
Recently, bupivacaine has been manufactured into a multivesicular liposome, which allows for its extended release into the surrounding tissues. [7, 8] Liposomal bupivacaine (LB) allows delivery of bupivacaine for 96 hours with a single local administration, with a similar wound-healing profile as regular bupivacaine. Several randomized controlled trials (RCT) have compared LB with traditional bupivacaine for pain control after TKA. Many of these trials contained relatively small cohorts, and demonstrated inconsistent outcomes. [9] [10] [11] Two meta-analyses were published on this topic recently. Kuang et al [12] reported that LB shows no superiority than traditional bupivacaine regarding pain control. However, Wang et al [13] demonstrated that LB preserved greater pain control and less complications than traditional bupivacaine. Above 2 metaanalyses have following shortcomings: both of the 2 metaanalyses included non-RCTs and thus large selection bias were existed in the meta-analysis; and both of the 2 meta-analysis did not perform the dose-response relationship between the dose of LB and pain intensity. Thus, we undertook a further metaanalysis to evaluate whether LB is superior to traditional bupivacaine with respect to: pain score at 24, 48, and 72 hours; opioid intake; length of hospital stay; range of motion; and complications. We hypothesized that LB results in less pain intensity and morphine consumption, and provide less complications.
Materials and methods
This systematic review was reported according to the preferred reporting items for systematic reviews and meta-analyses (PRISMA) guidelines. [14] Ethical approval was unnecessary in this study because it was a meta-analysis analyzing existing articles and did not need to handle individual patient data.
Search strategies
The following databases were searched in September 2016 without restriction of regions or publication types: PubMed The Mesh terms and their combinations used in the search were as follows: "Arthroplasty, Replacement, Knee" [Mesh]" OR "total knee replacement" OR "total knee arthroplasty" OR "TKR" OR "TKA" AND "liposomal bupivacaine" OR "LB." The reference lists of related reviews and original articles were searched for any relevant studies, including randomized controlled trials (RCTs) involving adult humans. Only articles originally written in English or translated into English were considered. When multiple reports describing the same sample were published, the most recent or complete report was used.
Inclusion criteria and study selection
Patients: adult human subjects (age >18 years) prepared for unilateral TKA; intervention: local infiltration LB as an intervention group; comparison: local infiltration traditional bupivacaine as a comparison group; outcomes: visual analogue scale (VAS) at 24, 48, and 72 hours, total morphine consumption, length of hospital stay, range of motion and the occurrence of nausea; and study design: RCTs. Two independent reviewers screened the title and abstracts of the identified studies after removing the duplicates of the search results. Any disagreements about the inclusion or exclusion of a study were solved by discussion or consultation with an expert. The reliability of the study selection was determined by Cohen's kappa test, and the acceptable threshold value was set at 0.61. [15, 16] 
Data abstraction
A specific extraction was conducted to collect the following data from the included trials: patients' number, dose of LB, control group, outcomes, study type, and follow-ups. Outcomes such as VAS at 24, 48, and 72 hours, the occurrence of nausea were abstracted and recorded in a sheet. Postoperative pain intensity was measured by a 100-point VAS. When the numerical rating scale (NRS) was reported, it was converted to a VAS. Additionally, a 10-point VAS was converted to a 100-point VAS.
[17] Data in other forms (i.e., median, interquartile range, and mean ± 95% confidence interval [CI]) were converted to the mean ± standard deviation (SD) according to the Cochrane Handbook. [18] If the data were not reported numerically, we extracted these data using "GetData Graph Digitizer" software from the published figures. All the data were extracted by 2 independent reviewers and disagreements were resolved by consulted from original author or discussion with senior expert.
Quality assessment
The methodological quality of all included trials was independently assessed by 2 reviewers on the basis of the Cochrane Handbook for Systematic Reviews of Interventions, version 5.1.0 (http://www.cochrane-handbook.org/).
Outcome measures and statistical analysis
Continuous outcomes (VAS at 24, 48, and 72 hours, total morphine consumption, range of motion, and the length of hospital stay) were expressed as the weighted mean differences (WMD) and respective 95% CI. Dichotomous outcomes (the occurrence of nausea) were expressed as the risk ratio (RR) with 95% CI. Statistical significance was set at P < .05 to summarize the findings across the trials. The meta-analysis was calculated by Stata software, version 12.0 (Stata Corp., College Station, TX). Statistical heterogeneity was tested using the x 2 test and I 2 statistic. When there was no statistical evidence of heterogeneity (I 2 < 50%, P > .1), a fixed-effects model was adopted; otherwise, a random-effect model was chosen. Subgroup analysis was conducted according to the dose of LB (<266 mg/d or ≥266 mg/d). We considered there to be no publication bias if the funnel plot was symmetrical and the P > .05. The relationship between LB dosage and the VAS at 24, 48, and 72 hours was explored using SPSS software (SPSS Inc., Chicago, IL). The correlation coefficient (r) was used to evaluate the relationship between the dosage of LB and the VAS at 24, 48, and 72 hours.
Results

Search results
In the initial search, a total of 401 papers were identified from the electronic databases (PubMed = 146, Embase = 39, Web of Science = 131, and Cochrane Library = 85). The number of articles after duplicates had been removed by Endnote X7 software was 305. After screened the abstracts and title of these 305 studies, 298 papers were excluded because they were irrelevant or did not meet the criteria. Finally, we included 7 RCTs for this meta-analysis. [9] [10] [11] [19] [20] [21] [22] PRISMA flowchart for the included studies can be seen in Supplement S1, http://links. lww.com/MD/C168. The general characteristic of the included
RCTs can be seen in Table 1 . The total dose of LB ranged from 133 to 532 mg. The sample ranged from 18 to 82 TKAs. Figure 1 outlines the details of the risk of bias summary. And risk of bias graph was summarized in Supplement S2, http://links.
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lww.com/MD/C168. All of the studies were considered to be at low risk of bias. Randomized sequence generation was implemented adequately in 4 studies; the rest 3 studies mentioned randomized study but did not describe the detailed method of random sequence generation. Allocation concealment was implemented adequately in 6 studies. All the studies reported blinding of the participants and personnel. Only one study did not blind to the outcome assessment.
Results of meta-analysis
VAS at 24, 48, and 72 hours
Postoperative VAS scores at 24 hours in the included studies had a large heterogeneity (I 2 = 55.6%, P = .016), which required a random-effects model that was performed to analyze the data. The meta-analysis results indicated that there was no significant difference between the LB group and traditional bupivacaine group in terms of the VAS at 24 hours (WMD = 0.92, 95% CI -2.05, 3.88, P = .544, Supplement S3 A, http://links.lww.com/ MD/C168). Postoperative VAS scores at 48 hours had a large heterogeneity (I 2 = 57.0%, P = .017), which required a randomeffects model that was performed to analyze the data. The metaanalysis results indicated that there was no significant difference between the LB group and traditional bupivacaine group in terms of the VAS scores at 48 hours (WMD = À2.69, 95% CI À7.71, 1.79, P = .239, Supplement S3 B, http://links.lww.com/MD/ C168). Postoperative VAS scores at 72 hours had no heterogeneity (I 2 = 0.0%, P = .514), which required a fixed-effects model that was performed to analyze the data. The meta-analysis results indicated that LB can decrease VAS scores at 72 hours when compared with traditional bupivacaine (WMD = À4.22, 95% CI À7.47, À0.97, P = .011, Supplement S3 C, http://links.lww.com/ MD/C168).
Total morphine consumption
Total morphine consumption in the included studies had little heterogeneity (I 2 = 4.8%, P = .379), which required a fixedeffects model that was performed to analyze the data. The metaanalysis results indicated that there was no significant difference between the LB group and traditional bupivacaine group in terms of total morphine consumption (WMD = À0.49, 95% CI À10.19, 9.20, P = .920, Supplement S4, http://links.lww.com/ MD/C168). 
Length of hospital stay
Length of hospital stay in the included studies had no heterogeneity (I 2 = 0.0%, P = .596), which required a fixedeffects model that was performed to analyze the data. The metaanalysis results indicated that there was no significant difference between the LB group and traditional bupivacaine group in terms of the length of hospital stay (WMD = 0.15, 95% CI À0.02, 0.31, P = .082, Supplement S5, http://links.lww.com/MD/C168).
Range of motion
Range of motion in the included studies had no heterogeneity (I 2 = 0.0%, P = .483), which required a fixed-effects model that was performed to analyze the data. The meta-analysis results indicated that there use of LB group was associates with an increase of the range of motion than traditional bupivacaine group (WMD = 3.28, 95% CI 1.11, 5.45, P = .003, Supplement S6, http://links.lww.com/MD/C168).
The occurrence of nausea
The occurrence of nausea in the included studies had a large heterogeneity (I 2 = 66.0%, P = .019), which required a randomeffects model that was performed to analyze the data. The metaanalysis results indicated that LB can decrease the occurrence of nausea when compared with traditional bupivacaine by 18.3% (risk ratio, RR = 0.70, 95% CI 0.55, 0.89, P = .003, Fig. 2 ).
Subgroup analysis, sensitivity analysis and doseresponse relationship
Subgroup analysis was conducted according to the dose of LB. The sensitivity analyses, which involved omitting each study, did not alter the outcomes. Supplement S7, http://links.lww.com/ MD/C168, displays the details of the sensitivity analyses for the VAS at 24, 48, and 72 hours, total morphine consumption, the length of hospital stay, and the occurrence of nausea. We plotted the LB dose on the abscissa, with the corresponding VAS at 24, 48, and 72 hours as the ordinate, to generate a scatterplot. In addition, the linear correlation coefficient (r) was also calculated. There was a significantly negative correlation between the dosage of LB and the VAS at 24 hours (r = À0.302, P = .023, Fig. 3 A) and 72 hours (r = À0.464, P = .011, Fig. 3 C) . The VAS at 24 and 72 hours tended to decrease as the LB dose increased. There was no correlation between the dosage of LB and the VAS at 48 hours (r = 0.104, P = .789, Fig. 3 B) .
Discussion
This meta-analysis indicated that administration with LB can decrease the pain scores at 72 hours and the occurrence of nausea. There was no significant difference between the pain scores at 24 and 48 hours, total morphine consumption and the length of hospital stay. This meta-analysis included seven relevant RCTs and all of them with high quality.
High dose of LB was more effective than low dose of LB for reducing pain intensity after TKA. Bramlett et al [10] administration different dose of LB (133, 266, 399, and 532 mg) for pain control after TKA. Treatment with LB at 532 mg was associated with statistically significantly greater analgesia while patients were at rest after surgery compared with traditional bupivacaine. Mean and maximum plasma bupivacaine concentrations increased in a dose-related manner. Hamilton et al [23] reported that LB at the surgical site does not demonstrate superiority to bupivacaine hydrochloride. That finding was not consistent with our research, that study was intended to investigate the efficacy Yu et al. Medicine (2018) 97: 13 Medicine and safety of LB for patients with all type of surgeries. Wu et al [24] demonstrated that LB, as a novel anesthetic formulation, demonstrated better pain control than traditional bupivacaine following TKA. The half-lives of bupivacaine was 3.5 hours and this short half-lives cannot provide sustained pain relief after TKA. [25, 26] LB use of the liposomes as drug carriers that are lipidbased molecules varying in size, offering sustained release of drugs over an extended period of time.
Nausea was common side effects that are frequently associated with oral or intravenous morphine. Current meta-analysis indicated that administration with LB was associated with a reduction of the occurrence of nausea (RR = 0.70, 95% CI 0.55, 0.89, P = .003).
Singh et al [27] revealed that administration with LB was associated with a reduction of the length of hospital stay by less than 1/4 days. However, the magnitude of the effect was actually quite small and probably with no clinically importance. Current meta-analysis indicated that there was no significant difference between the LB group and standard bupivacaine group in terms of the length of hospital stay. Another concern of administration LB was the economic costs for the patients. Jain et al [20] reported the cost for LB group (402.9 ± 8.78 USD) was significantly higher than the cost for standard bupivacaine (15.99 ± 5.01 USD).
Khlopas et al [28] reported that there is a learning curve associated with liposomal bupivacaine use, and incorporating an appropriate technique can markedly affect post-operative outcomes. We tried to contact the authors to identify whether they pass the learning curve, however, they did not reply to us. Thus, further studies should focus on the effectiveness of LB for pain control after TKA when passed the learning curve.
There were several limitations in this meta-analysis: only 7 RCTs were included, and the sample sizes in each trial were small, which would affect the final results; the duration of follow-up in some studies was unclear, and long-term follow-up was needed to test the complications for this analysis; the publication bias that existed in the meta-analysis also influenced the results; and the dose of LB and postoperative pain protocol were all different, which also likely had an effect on the final results.
Conclusions
In conclusion, the results of our meta-analysis indicate local infiltration LB is more effective at 72 hours compared to traditional bupivacaine. Another finding was LB can decrease the morphine-related complication (nausea). For future research, optimal drug dosages should be rigorously defined, and the method of local infiltration anesthesia should also be clarified. Even more importantly, well-designed trials with larger sample sizes are needed to further provide reliable evidence on the safety of LB for pain management after TKA. High-quality RCTs and well-designed trials are still required to detect differences in post-TKA function. www.md-journal.com
Author contributions
